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‘ ABSTRACT ’ The restoration of endodontically treated teeth using resin adhesive materials has become popular in clinical practice.

Improvement in physical and mechanical properties of resin composites has resulted in preservation of remaining tooth
structure. The quality and stability of adhesive interface in enamel and dentin plays an important role in the long term clinical success of composite
restoration and endodontic outcomes. The bonding of  resin composites  to root filled tooth presents special problems. The decision making for
resin adhesives with tooth substrate, need for operative procedures and materials are discussed in relation with root canal treated teeth.
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The endodontically treated teeth are different from vital teeth.
Nevertheless pulpless dentin requires the same care as a vital teeth
during adhesive procedures. The primary goal of restoring root filled
teeth is to prevent coronal leakage and its subsequent harmful
consequences. Resin adhesives have been widely used in the
restoration of endodontically treated tooth. These restorations can be
extracoronal, intracoronal and intraradicular restoration. The resin
adhesives have shown promising results in clinical situations. This
review paper will examine the factors associated with effectiveness of
bonding of resin adhesives to endodontically treated tooth.

Tooth related Factors

1. Enamel

Enamel is present either along the margins of access preparations or
along the finish line for extra coronal restorations of root filled teeth'”.
The bonding of resin to etched enamel is strong and durable. The well
establish enamel bond will protect the underlying dentin bond which
is less predictable. Nevertheless care should be taken that etched
enamel may not be contaminated with blood, saliva or moisture. The
contaminated etched enamel results in marginal staining of the
restoration and its subsequent failure'.

2. Coronal Dentin

The regional differences in the intertubular dentin and dentinal tubule
direction may have an impact on the effectiveness of the resin
adhesives’. The bonding to deep dentin is more difficult than
superficial dentin*’. The decreased intertubular dentin and wider
dentinal tubules of the deep dentin results in lower bond strengths than
the superficial dentin®’.

3.Pulp chamber Dentin

There are regional differences in pulp chamber dentin and coronal
dentin which has resulted in difficult bonding of pulp chamber dentin
compared to coronal dentin. The bonding to pulp chamber dentin is
difficult due to many reasons. First, there is presence of irregular
secondary dentin, predentin, accessory canals and sclerotic dentin®’.
Second, the dentin showed increased number of dentinal tubules with
wider diameters and decreased intertubular dentin®. Third, there is high
C-factor, which results in increased polymerization shrinkage stress
and microleakage of the adhesive interface’. Finally, various irrigants,
medicaments and temporary filling materials used during root canal
treatment affects the dentinal surface’.

4.Root canal Dentin

There are various challenges involved in adhesion to root dentin.
Presence of humidity, decreased intertubular dentin , altered dentin
surface during root canal treatment and unfavourable C factor in the
root dentin makes bonding demanding. The presence of contaminants
on the dentin surface also contributes to ineffective bonding ".The
predentin present in the radicular dentin is removed during endodontic
treatment using instruments or burs'**. Following endodontic therapy
,the dehydration ofdentin results in brittleness".

5. Caries-affected dentin

The caries-affected dentin is different in structure and in chemical as
well as physical characteristics from normal dentin . Caries affected
dentin has reduced mineral content, changes in the dentin collagen
structure and non collagenous protein content "*.The application of

etchants on such dentin forms deep demineralized zone. The smear
layer is thick and irregular with more organic contents. The resin
monomers unable to reach to the base of the exposed collagen matrix
and produce thick hybrid layer which is poorly infiltrated with resin
monomers'.

The dentin contains substances that results in poor polymerization of
adhesive monomers '*. The mineral deposits in dentinal tubules are
highly acid resistance and restricts resin monomer infiltration and
resin tag formation. The inadequate resin monomer penetration leads
to lower bond strength and does not provide seal at the resin—dentin
interface .

6. Noncarious sclerotic dentin

Sclerotic dentine is physiologically and pathologically altered dentin.
It has shown sclerotic casts in the dentinal tubules , acid-resistant
surface hyper mineralised layer, and a bacterial surface layer "It act
barriers for resin monomer infiltration”.

The sclerotic dentine is frequently observed in cervical noncarious
lesions of the tooth. The dentin varies along the occlusal, gingival, and
the base of wedge-shaped lesion. The variation resulted wide
difference in hybrid layer and resin tag formation. There are areas with
minimal or no resin tag formation. These vulnerable areas has
contributed to adhesive failures . Moreover sclerotic dentin produces
reduced bond strength than normal dentin.

Procedure related Factors

1. Enhanced illumination and magnification

The illumination and magnification helps in meticulous examination
of carious and healthy structures. It can detect cracks or fractures. It
helps in elimination of diseased tooth structure without removing
healthy tissue. It improves the fitting accuracy of the restoration
during bonding procedures *’.

2.Isolation

The rubber dam acts as barrier and prevents fluid seepage coming
from saliva, blood and crevicular areca. Moisture Contamination of
enamel and dentin surface interferes with adhesion and produce lower
bond strengths ™

3. Caries affected dentin

The caries affected dentin at the cavosurface margin of the
preparation should be removed completely for better results.The
exposure of adhesive interface of caries affected dentin to oral
environment will result in hydrolysis of the resin ",

4.Immediate dentin sealing

The immediate dentin sealing is a technique which seals the freshly cut
dentin (after tooth preparation and before impression taking) with a
layer of dental bonding agent . It helps to reduce bacterial
contamination, reduce gap formation and to improve bond strength of
the final restoration

5.Deep Margin Elevation or cervical margin relocation

The proximal box cervical margin extending sub-gingivally presents a
clinical challenge. In such situations it is difficult to have adequate
isolation of the operating field and inadequate moisture control results
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in contamination *.,Therefore,the box must be repositioned supra-
gingivally for simpler clinical procedure by cervical margin relocation
to ease the adhesive procedure of restoration and to prevent bond
failure ™.

6. Cavity Design optimization

This technique prevents unnecessary removal of sound tooth structure
during preparation .It uses flowable composite liner and forms an ideal
cavity design *. It helps in reducing the stresses within the restored
teeth. It provides reinforcement of cavity walls, eliminates undercuts
,saves tooth structure, leveling of the cavity floor, and occlusal
relocation of cervical margins *.

7. Controlled adhesive cementation

Highly filled microhybrid composite can be used for cementation of
indirect restoration **. The viscosity and flow of composite resin can be
altered by the application of heat. The viscosity of the cement can be
reduced during with a special ultrasonic or sonic cementation tip™’
during positioning of the restoration ”"**,

8. Preexisting composite restorations

The old composite restoration must be in good conditions. These
restorations should be checked for any defects. The defective
restorations can be repaired or needs complete replacement . The
repairs as a result of caries have better prognosis compared with
fractured restorations. Repair procedures extend the longevity of
restorations and reduces the damaging effect of invasive procedures .

9. Presence of contaminants

Intermediate medications, cements, gutta-percha, irrigating solutions,
smear layer can be present on the dentin surface and can interfere with
the adhesion . The removal of the residual root canal sealer to dentin
seems to be fundamental for the adhesion process™. The studies have
shownélentin cleaning using ethanol can obtain high bond-strength
values ™.

Material related Factors

1. Self etching adhesives

Self etching adhesive systems have shown reduce hydrolytic
degradation , acid base resistant zone beneath hybrid layer and has
exhibited bond stability*.

Self etch adhesive has shown lower bond strengths when used with
self-cure and dual-cure resin that have not been light activated. This is
because the acid from the acidic primer suppress the basic amines of
self-cure composites which is used as catalyst and has a high pH .This
leads to incomplete polymerization of the adhesive interface. The
areas which can be light-cured ,dual cure composites and light-cure
composites have shown comparable bond strengths as they have

. s 3334
amine free initiator system ™.

2.Etch &rinse adhesives

Etch-and-rinse adhesive systems does not form acid- base resistant
zone beneath hybrid layer asis commonly seen in self etch adhesives
*. The etch and rinse adhesives are prone to biodegradation of the
adhesive interface *°. In etch-and-rinse adhesive systems, the
phosphoric acid etching results in deep dentin demineralization and
there is incomplete infiltration of monomers till the base of
demineralized dentin. The exposed collagen fibers in this
demineralised dentin thus becomes more prone to enzymatic
degradation. The addition of hydrophilic monomers in the adhesives
helps in proper penetration of hydrophobic monomers into the humid
dentin. However,the hydrophilic monomers attracts water from dentin
matrix and produce water filled channels within the polymeric matrix.
Moreover, the resins are leached out creating nanometer-sized voids
which is replaced by water within resulting in hydrolytic degradation
of the resins within the hybrid layer **. Consequently,the activated
proteolytic enzymes (MMPs) causes degradation of the exposed
collagen fibrils at the bonding interface “*. The biodegradation of
adhesive interfaces can be minimized by **

a. Use of Matrix Metalloproteinase inhibitors
chlorhexidine, ethylene diamine tetraacetic acid (EDTA) and benz
alkonium chloride

b. Exogenous Cross linker
It causes biomodification of dentin
Physical Agents: VitB12 activated by UV light,

Nonspecific Synthetic Agents: Glutaraldehyde, carbodiimide
hydrochloride Agents of Natural Origin: Antioxidants substances
Biomimetic Remineralization: Amorphous calcium phosphate
nanoprecursors.

c. Ethanol wet bonding

Methacrylates monomers are hydrophobic in nature. These adhesives
when used in acid conditioned water-saturated dentin, causes
nanophase separation of adhesives. The use of wet ethanol bonding
prevents phase separation.

The free water and some bound water can be removed by ethanol
.This decreases separation between the collagen matrix and resin
monomers. Thus the action of collagenolytic enzymes can be
minimised.

d. Hydrophobic Monomers

The more hydrophobic monomers in adhesive provides more stable
bonds over time. The ethanol replaces water from dentin and helps in
easier penetration of hydrophobic monomers into the dentin forming a
stable hybrid layer.

3.Endodontic Irrigants and sealers

Certain endodontic Irrigants and sealers have negative effect on
adhesion *.When dentin is subjected to the action of sodium
hypochlorite, EDTA, and chlorhexidine . These irrigants results in
irreversible changes in dentin. Studies have shown loss in dentin
structural framework , loss of ions,various elements, water, as well as
changes in collagen fiber crosslinks. These changes affect the
adhesion processes and its subsequent outcomes *’.

Conclusion

Meticulous attention on the various factors related to bonding of resin
adhesives to root filled teeth can facilitates the effectiveness of
adhesive bond and the long term survival of the teeth. The
understanding of these factors is of significance and will help
clinicians to provide better treatment outcomes.
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